AMENDMENT AND RESPONSE UNDER 37 CFR §1.111 

Serial Number: 10/789,044 
Filing Date: February 27, 2004 

Title: LANTHANIDE DOPED TiO x DIELECTRIC FILMS 

IN THE SPECIFICATION 

Please delete the following paragraphs beginning on page 3, line 10 - page 4, line 10: 

Summary of th e Inv e ntion 

A solution to the probl e ms as discuss e d above is addr e ss e d in e mbodim e nts of tho pr e s e nt 
inv e ntion. In accordanc e with an e mbodim e nt of th e pr e s e nt inv e ntion, a method of forming a 
di e l e ctric film includes evaporating TiO^ at a first rat e , e vaporating a lanthanide at a s e cond rate, 
and controlling th e first rat e and th e s e cond rat e to grow a di e l e ctric film on a substrat e , wh e r e 
th e di e l e ctric film contains TiO x dop e d with the lanthanid e . In one embodim e nt, th e lanthanid e 
includ e s e vaporating a lanthanid e s e l e ct e d from a group consisting of Nd, Tb, Dy. 

In on e e mbodim e nt, lanthanid e dop e d TiO x lay e rs are form e d by el e ctron b e am 
evaporation. In anoth e r e mbodim e nt, th e e vaporation of TiOjis assisted by ion b e am 
bombardment of a substrat e surfac e during deposition, 

A gat e di e l e ctric form e d as a diel e ctric film containing lanthanide dop e d TiO* has-a 
larger di e lectric constant than silicon dioxid e , a r e lativ e ly small l e akag e current, and good 
stability with r e sp e ct to a silicon based substrat e . Embodim e nts according to th e t e achings of th e 
pres e nt inv e ntion includ e forming transistors, capacitors, memory d e vices, and el e ctronic 
syst e ms having di e l e ctric lay e rs containing lanthanid e dop e d TiO x - — Oth e r e mbodim e nts includ e 
structur e s for transistors, capacitors, m e mory d e vic e s, and e l e ctronic syst e ms with gat e 
diel e ctrics containing lanthanid e dop e d TiO * . Such gat e di e l e ctrics provid e a significantly 
thinn e r e quival e nt oxid e thickn e ss compar e d with a silicon oxide gat e having th e sam e physical 
thickn e ss. Alternatively, such gate di e l e ctrics provid e a significantly thick e r physical thickn e ss 
than a silicon oxide gat e di e l e ctric having th e sam e equival e nt oxide thickn e ss. 

Th e s e and oth e r e mbodim e nts, asp e cts, advantag e s, and f e atur e s of tho pr e s e nt inv e ntion 
will b e s e t forth in part in th e description which follows, and in part will b e com e appar e nt to 
thos e skilled in the art by r e f e renc e to the following d e scription of the invention and r e f e r e nc e d 
drawings or by practice of th e inv e ntion. The asp e cts, advantag e s, and f e atures of th e inv e ntion 
are r e alized and attain e d by means of th e instrum e ntalitie s , proc e dur e s, and combinations 
particularly point e d out in th e app e nd e d claims. 



Page 2 

Dkt: 1303.070US2 



AMENDMENT AND RESPONSE UNDER 37 CFR § 1.111 Page 3 

Serial Number: 10/789,044 Dkt: 1303.070US2 

Filing Date: February 27, 2004 

Title: LANTHANIDE DOPED TiO x DIELECTRIC FILMS 

Please insert the following paragraphs beginning on page 6, line 6: 

In accordance with an embodiment of the present invention, a method of forming a 
dielectric film includes evaporating TiO? at a first rate, evaporating a lanthanide at a second rate, 
and controlling the first rate and the second rate to grow a dielectric film on a substrate, where 
the dielectric film contains Ti(X doped with the lanthanide. In one embodiment, the lanthanide 
includes evaporating a lanthanide selected from a group consisting of Nd, Tb, Dv. 

In one embodiment, lanthanide doped TiOv layers are formed by electron beam 
evaporation. In another embodiment, the evaporation of TiO? is assisted bv ion beam 
bombardment of a substrate surface during deposition. 

A gate dielectric formed as a dielectric film containing lanthanide doped TiQ v has a 
larger dielectric constant than silicon dioxide, a relatively small leakage current, and good 
stability with respect to a silicon based substrate. Embodiments according to the teachings of the 
present invention include forming transistors, capacitors, memory devices, and electronic 
systems having dielectric layers containing lanthanide doped TiO*. 

Other embodiments include structures for transistors, capacitors, memory devices, and 
electronic systems with gate dielectrics containing lanthanide doped Ti(X. Such gate dielectrics 
provide a significantly thinner equivalent oxide thickness compared with a silicon oxide gate 
having the same physical thickness. Alternatively, such gate dielectrics provide a significantly 
thicker physical thickness than a silicon oxide gate dielectric having the same equivalent oxide 
thickness. 



